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Introduction 
Technoloav f o r  the extraction of o i l  from shale has been in .," 

existence for  a very long time. 
environmental climate, the production o f  substant ia l  quant i t ies  of shale 
o i l  could have been real ized rather  quickly. 
established t h a t  shale  o i l  must be substant ia l ly  upgraded before any 
conventional ref ining processes can be applied, 

s ignif icant  volume of raw shale o i l .  
have two objectives: 
refined in an ex is t ing  f a c i l i t y ,  o r  2 )  upgrade and ref ine t o  a f u l l  s l a t e  
of products a t  the r e t o r t  s i t e ,  
requirements a r e  substant ia l  and qui te  s imilar .  

Our upgrading s tudies  were i n i t i a t e d  in the 1960's. 
of our participation in the Rio Blanco Project, these have been updated 
during the past few years .  This paper resents  the resu l t s  of o u r  most recent 
exploratory s tudies  made t o  determine 17 the effectiveness of our comnercial ly  
avai lable  hydrotreating technology f o r  upgrading shale  a i l  t o  a petroleum 
subst i tute  and 2 )  the response obtained i n  conventional downstream refining 
processes. 
Upgrading Routes 

approaches. In the one most often considered, Figure 1 ,  the raw o i l  i s  
fractionated t o  yield a residuum t h a t  may be gasif ied,  coked or  deasphalted, 
A heavy gas o i l  i s  obtained for  hydrocracking or  hydrotreating f o r  FCC feed. 
The furnace o i l  d i s t i l l a t e  i s  hydrotreated t o  No. 2 fuel (or  additional FCC 
feed) and a naphtha i s  produced f o r  hydrotreating and ca ta ly t ic  reforming. 
The syncrude from th is  route i s ,  essent ia l ly ,  an a l l - d i s t i l l a t e  stream, 
comprised of the reconst i tuted,  hydrotreated f rac t ions ,  

A more unconventional approach, which avoids much duplication of 
f a c i l i t i e s ,  i s  shown in Figure 2 .  In th i s  route, the whole shale o i l  i s  
hydrotreated in a modified Gulf Residual HDS Unit. The ef f luent  can be 
pipelined as syncrude or fract ionated and converted t o  prime products via 
reforming,hydrocracking and/or FCC. 
route, and  no residual products need be produced, 

In a less  r e s t r i c t i v e  economic and 

I t  has a l so  been well 

No ref inery has the capabi l i ty  of e f fec t ive ly  processing any 
Therefore, most upgrading s tudies  

1 )  produce a syncrude tha t  can be pipelined and then 

In e i t h e r  case, t h e  overall upgrading 

As a r e s u l t  

In upgrading sha le  o i l  f o r  refining purposes, there are two general 

Volumetric yields  are  higher, by this 

Discussion 
Shale Oi 1 Qual i ty  

Although a l l  our l a t e s t  p i l o t  plant s tudies  were limited t o  a 
s ing le  shale o i l  sample, a number of d i f fe ren t  o i l s  were examined. Assavs 
for - f ive  of these ( A ' t h r u  E )  are  shown in Table I .  
indicative of the var ia t ion in shale  o i l  composition tha t  can r e s u l t  from 
differences i n  re tor t ing  modes and o i l  shale  source. Obviously, as re tor t ing  
technology changes, so can the character of the o i l .  

are  typified by t h e i r  h i g h  hetero-atom content, with nitrogen being the 
highest, by f a r .  Sulfur  content i s  re la t ive ly  low in a l l  samples and of no 
par t icular  concern. 
par t icular  f ract ions var ies  from sample t o  sample a s  do the yields  of these 
fract ions.  

These data a re  

Regardless of o i l  shale source o r  re tor t ing  mode, a l l  the  o i l s  

As would be expected, the hetero-atom content o f  the 

In view of the present trend toward in-s i tu  re tor t ing,  the 
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lower  residuum and hetero-atom con ten t  o f  sample E i s  encouraging, 
A was used e x c l u s i v e l y  f o r  a l l  t h e  p i l o t  p l a n t  s tud ies  h e r e i n  repo r ted .  

I n  o rde r  t o  meet t h e  o b j e c t i v e s  o f  t h i s  s tudy,  w i t h  t h e  amount 
o f  shale o i l  a v a i l a b l e ,  most o f  t h e  data was acqui red f rom survey- type runs, 
us ing  o u r  e a r l y  e x p l o r a t o r y  s tud ies  as a bas i s .  
was done i n  e x i s t i n g  f a c i l i t i e s  no rma l l y  used f o r  petroleum-based feeds. 

Delayed cok ing  runs were made i n  a 2 g a l / h r  u n i t ,  equipped f o r  
downstream f r a c t i o n a t i o n  and gas o i l  r ecyc le .  

C a t a l y t i c  c rack ing  da ta  was ob ta ined  i n  a 1,500 cc /h r ,  automated 
r i s e r  u n i t  hav ing p roduc t  f r a c t i o n a t i o n  and continuous c a t a l y s t  regenera t i on  
f a c i  1 i t i e s .  

Hydrogenation and c a t a l y t i c  re fo rm ing  runs were a l s o  made i n  
automated u n i t s ,  bo th  isothermal  and ad iaba t i c .  These u n i t s  a re  equipped 
f o r  downstream product  f r a c t i o n a t i o n  and most have gas scrubbing and 
recyc le  systems. A l l  operat ions were downflow, w i t h  combined hydrogen, 
i n  c a t a l y s t  beds rang ing  f rom 300 t o  2,500 cc. 

f o r  hydrogenat ion be ing  G u l f  f o rmu la t i ons .  
made wi th an e q u i l i b r i u m  c a t a l y s t  o f  h i g h  z e o l i t e  content .  A commerc ia l ly  
a v a i l a b l e  b i m e t a l l i c  c a t a l y s t  was used i n  t h e  re fo rm ing  s tud ies .  

Because o f  t h e  i n h e r e n t l y  poor  s t a b i l i t y  c h a r a c t e r i s t i c s  o f  raw 
sha le  o i l ,  i t  was f e l t  t h a t  t he  problems t h i s  cou ld  cause d u r i n g  t h e  s tudy 
cou ld  be a l l e v i a t e d  by a m i l d  hydrogen pret reatment .  
was m i l d l y  hydrot reated,  w i th  t h e  i n t e n t  o f  e l i m i n a t i n g  t h e  most r e a c t i v e  
double bonds. 
f o r  a rsen ic  removal, t h e  de tec tab le  changes i n  product  p r o p e r t i e s  and 
composit ion were i n s i g n i f i c a n t .  
would have no e f f e c t  on f u r t h e r  processing. 
t o  be r e p r e s e n t a t i v e  o f  upgrading a raw shale o i l  sample. 

Sample 

Experimental 

A l l  t h e  p i l o t  p l a n t  work 

Only commercial ly a v a i l a b l e  c a t a l y s t s  were employed, w i t h  those 
The r i s e r  c r a c k i n g  r u n s  were 

Thus, t he  e n t i r e  sample 

Al though hydrogen consumption was about 150 SCF/B, except  

It was concluded t h a t  t h e  p re t rea tmen t  
Thus, t h e  s tud ies  were considered 

Delayed Coking o f  Residuum 
Cokina o f  t h e  960 F+ f r a c t i o n  was done a t  c o n d i t i o n s  Drev ious l v  

found s u i t a b l e  ' for sha le  o i l  r es idua  and no unexpected problems'were 
encountered. 
y i e l d s  and inspec t i ons ,  are shown i n  Table 11. 
t y p i c a l  o f  a coker  ope ra t i on  and, o f  course, ve ry  h igh  i n  n i t r o g e n .  
coke i s  o f  r e l a t i v e l y  poor  q u a l i t y ,  ve ry  h i g h  i n  n i t r o g e n  content ,  b u t  low 
i n  s u l f u r  and vanadium. Ash con ten t  w i l l  be a f u n c t i o n  o f  t h e  ca r ry -ove r  
from the  r e t o r t i n g  operat ion.  
does n o t  f i t  t h a t  p red ic ted  from a petroleum-based c o r r e l a t i o n .  
was h i g h e r  w h i l e  gas and naphtha y i e l d s  were lower. 

The convent ional ,  r e l a t i v e l y  m i l d  cond i t i ons ,  w i t h  p roduc t  

The 
The l i q u i d  p roduc ts  a r e  

It was observed t h a t  t h e  y i e l d  s t r u c t u r e  
Coke y i e l d  

Gas O i l  H y d r o t r e a t i n g  and 
C a t a l y t i c  Crack ing 

The gas o i l  f r a c t i o n ,  680-960°F, was hyd ro t rea ted  i n  two stages 
Products o f  0.73 and 0.61% t o  produce feedstocks f o r  c a t a l y t i c  crack ing.  

n i t r o g e n  were obta ined a t  two s e v e r i t i e s  i n  t h e  f i r s t  stage, The h i g h e r  
n i t r o g e n  l e v e l  m a t e r i a l  served as feed t o  t h e  second stage. 
i n  t h i s  stage, n i t r o g e n  con ten t  was reduced t o  0.28 and 0.10%; t h e  lower  
l e v e l  rep resen t ing  95.9% o v e r a l l  den i t rogena t ion .  Y ie lds,  o p e r a t i n g  c o n d i t i o n s  
and product  i nspec t i ons  a re  shown i n  Table 111. 
p r o p e r t i e s  o f  a good q u a l i t y ,  l o w  n i t rogen ,  pet ro leum gas o i l  (PGO) a r e  
a l s o  shown. 

Except f o r  t he  unique s u l f u r / n i t r o g e n  r a t i o ,  t he  h y d r o t r e a t e d  
shale o i l s  (HTSO) e x h i b i t  no apparent unusual c h a r a c t e r i s t i c s .  As would be 
expected, however, b o i  1 i n g  range does change w i t h  deni t r o g e n a t i o n  s e v e r i t y .  

A t  two s e v e r i t i e s  

For  comparison, t h e  
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Since the products were not stripped back t o  feed IBP, they contain increasing 
amounts of material in the furnace o i l  boiling range. 
other t h a n  nitrogen content, the qual i ty  of these synthetic gas o i l s  i s  
equal t o  o r  superior than t h a t  of many petroleum based FCC feedstocks. 

The response obtained in f luid c a t a l y t i c  cracking i s  shown in 
Table IV. 
those from the PGO and two stocks which were blends of the PGO with the raw 
feed to hydrotreating. T h e  HTSO's crack very well up  t o  a nitrogen content 
of a t  l e a s t  0.28%. 
was obtained with the low nitrogen HTSO. 
response i s  nonlinear with nitrogen content. 
and gasol ineyie ld  were much poorer than those obtained with the blended feed 
a t  the same nitrogen leve l .  This discrepancy has been a t t r ibu ted  to the high 
basic nitrogen content o f  the  HTSO. 

FCC Product Q u a l i t  
-tion, adequate octane numbers were obtained with a l l  

shale  oil-containing feedstocks. All research octane numbers (RON) were 91 
or  greater  except when cracking the low nitrogen HTSO, Table V .  
the RON was only 89.2. 
the lowest sens i t iv i ty .  
feedstock. 

stocks, hydrotreated o r  blended, b u t  lower than obtained with t h e  PGO. As 
feed nitrogen increased, sa tura te  content decreased with a corresponding gain 
in o le f in  content. Motor octane numbers obtained from the shale oil stocks 
were consistently lower than from the PGO. Sensi t ivi ty  increased with feed 
nitrogen content. The increase, however, was n o t  as great  with the HTSO's 
as with the blended feeds. 

Relative t o  the gasoline from the PGO,  a l l  shale o i l  stocks gave 
gasolines of much higher nitrogen content. 
lowest values a t  comparable feed nitrogen levels .  
decanted o i l s ,  however, nitrogen contents were higher from the HTSO's than 
the blended feeds. All avai lable  data indicate  sat isfactory product s t a b i l i t y  
u p  t o  a feed nitrogen level  of a t  l ea s t  0.3%. 

yields  a high qual i ty  furnace o i l  product. 

petroleum derived furnace o i l s ,  however, nitrogen contents are qui te  high, 
This can be reduced to a very low level ;  b u t ,  i t  should not be required 
except for exclusive use i n  combustion applications were NO emissions are  
1 imiting. In a l l  other respects ,  the combustion character igt ics  of these 
fuels  a r e  excel lent(1)  and in many cases superior t o  No. 2 fue ls  from petroleum. 

can be tolerated,  the naphtha must be essent ia l ly  nitrogen-free for  sa t i s fac tory  
reforming response. As the inspection data show, in Table VI,  t h e  nitrogen 
level i s  many orders of magnitude greater  than typical fo r  most v i r g i n ,  
petroleum-based naphthas. Nitrogen a t  t h i s  high level t o t a l l y  overwhelms the 
d i f f i c u l t y  associated with removal of the remaining hetero-atoms. Figure 3 
shows a temperature-space velocity-pressure relat ionship required t o  produce 
a 
exceed typical refinery pretreat ing sever i t ies .  

Based on properties 

The yield s t ruc ture  produced from the HTSO's i s  compared with 

Of a l l  the  stocks, maximum conversion and  gasoline yield 
For the hydrotreated stocks, however, 

A t  the 0.61% level , conversion 

I n  t h i s  case, 
This gasoline had the highest saturate  content and 

I t  was a l so  derived from the most paraff inic  

Gasoline aromaticity was remarkably constant fo r  a l l  shale o i l  

Of these, the HTSO's gave the 
For the cycle o i l s  and 

Middle Dist i l  l a t e  Hydrotreating 
Hydrogenation of the middle d i s t i l l a t e  f rac t ion ,  375-680°F, readily 

As shown in Table VI, negligible 
' su l fur  content and high cetane index i s  eas i ly  obtained. Compared to  

Naphtha Pretreat ing and Reforming 
Unlike heavier stocks in which substantial amounts of nitrogen 

reformer charge of 0.5 ppm nitrogen content. These conditions f a r  
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The raw naphtha has a re la t ive ly  h i g h  aromatic content and iS 
very o le f in ic .  
reactions. 
f o r  many gas o i l  hydrocrackers. 

important points. 
deficiency in C and C hydrocarbons. Second, the r a t i o  of naphthenes t o  
aromatics i s  exgeptionzlly high. 
qui te  low benzene and toluene yields  and a high hydrogen make. 

The qual i ty  of the feed, as indicated by i t s  N+2A re la t ionship,  
i s  signif icant ly  be t te r  than would be predicted. 
re la t ionship would indicate reforming suscept ib i l i ty  close t o  t h a t  of a 
Mideast naphtha, such as Kuwait, i t s  response was actual ly  much closer  t o  
t h a t  of a good qual i ty  domestic naphtha. 
obtained and temperature requirements shown in Figures4, 5 and 6. 

2 .  In this  route, the raw, ful l -boi l ing range shale  o i l  i s  charged t o  a 
modification of the Gulf HDS Process. The resu l t s  shown i n  Table VI11 
are  for  maximizing the yield of FCC feed a t  the minimum denitrogenation level. 
The yield of 375"F+ FCC charge is approximately 85% on raw crude and contains 
0.38% nitrogen with <1.0 ppm Ni equivalent. Although the 375"Ft material 
i s  re la t ively high in nitrogen, the naphtha i s  essent ia l ly  nitrogen-free and 
can be charged d i rec t ly  t o  a ca ta ly t ic  reformer. 

f o r  other end uses, the 680°F+ can s t i l l  be reduced t o  a sa t i s fac tory  nitrogen 
level. 
may also be more useful in other applications. 

About 85% of the hydrogen required i s  consumed i n  saturat ion 
The total  consumption, 808 SCF/B, i s  i n  excess of t h a t  required 

As reformer feed, the t reated naphtha inspections show two 
First, the front-end v o l a t i l i t y  i s  very low, indicating a 

Consequently, the reforming resu l t s  show 

Although this  simple 

This is i l l u s t r a t e d  by the yields  

The maximum yield case i s  shown i n  the  a l te rna te  approach, Figure 
Alternate Upgrading Route 

This i s  n o t  a l imit ing case; i f  the furnace o i l  f ract ion i s  desired 

The residuum, which has an API gravity higher than t h a t  of the crude, 
. .  

Conclusions 

and f o r  o le f in  saturat ion,  hydrogen requirements a re  subs tan t ia l .  W i t h  
For sa t i s fac tory  hetero-atom removal, par t icular ly  nitrogen, 

today's comnercially avai lable  ca ta lys t s ,  processing sever i t ies  a re  
high and cost ly .  

With respect to  FCC feed, limited quant i t ies  of raw shale  o i l  can 
be tolerated i n  a ref inery crude s l a t e ,  Handling the 65OOF and l i g h t e r  
material would require a hydrotreating capabi l i ty  greater  than usually 
available. 

refining in conventional processes. Product yields  and qual i ty  a re  comparable 
t o  those obtained with a good qual i ty  petroleum crude. 
shale o i l  via the modified Gulf HDS Process resu l t s  in an improved y ie ld  
s t ructure  and a less  complex f a c i l i t y .  

New ca ta lys t  formulations are  expected t o  subs tan t ia l ly  reduce 
process severi ty .  

Shale o i l  f ract ions when sui tably upgraded, are  qui te  amenable t o  

Upgrading the  total  

T h i s  will strongly a f fec t  upgrading and refining economics, 

Reference 

(1)  Dzuna, E.  R., "Combustion Tests on Shale Oil Fuels", presented a t  
Central States  Section the Combustion I n s t i t u t e ,  April 1976. 
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Sample 
Source 
Retor t  

Shale O i l  
Gravi ty,OAPI 
V iscos i ty ,  SUS: 130°F 
Pour, O F  
Carbon, w t  % 
Hydrogen, w t  % 
S u l f u r ,  w t  % 
Nitrogen, w t  % 
Oxygen, w t  % 
Arsenic, ppm 
Ash, w t  % 

Fract ions:  

OP-310°F 
Y ie ld ,  vo l  % 
Gravi t y , O A P I  
Carbon; w t  % 
Hydrogen, w t  % 
Su l fu r ,  w t  % 
Nitrogen, w t  % 
Oxygen, w t  % 
Saturates, v o l  % 
O le f ins ,  vo l  % 
Aromatics, vo l  % 
Arsenic, ppm 

31 0-375°F 
Y ie ld ,  vo l  % 
Gravi t y  , O A P I  
Carbon; w t  % 
Hydrogen, w t  % 
Su l fu r ,  w t  % 
Nitrogen, w t  % 
Oxygen, w t  % 
Saturates, vo l  % 
Olef ins,  v o l  % 
Aromatics, vo l  % 
Arsenic, ppm 

375-520°F 
Y ie ld ,  vo l  % 
Grav i ty  ,O AP I 
Carbon, w t  % 
Hydrogen, w t  % 
Su l fu r ,  w t  % 
Nitrogen, w t  % 
Oxygen, w t  % 
Pour, O F  
A n i l i n e  Point,"F 
Arsenic, ppm 

TABLE I 

ASSAYS OF RAW SHALE OILS 

A 
Dow 

20.7 
85.7 

84.52 
11.14 
0.70 
1.99 
1.32 

0.20 

+75 

13.9 

5.20 
53.3 
85.06 
13.35 
0.85 
0.25 
0.52 

28.0 
56.0 
16.0 --  

4.54 
44.8 
84.84 
12.97 
0.72 
0.65 
0.70 

25.0 
52.0 
23.0 -- 

12.64 
35.0 
84.57 
12.32 

0.64 
1.05 
1.24 

-45 
82.0 -- 

B 
Paraho 
Para ho 

20.1 
121.4 
+85 

84.83 
11.51 
0.58 
2.04 
1.24 

0.03 
20.9 

1.17 
48.0 
84.20 
13.03 

0.81 
0.95 
0.75 -- 
-- 
-- 
5.2 

1.13 
40.7 
83.44 
12.68 
0.52 
1.46 
1.46 -- 
-- 
-- 
1.8 

9.60 
33.8 
84.09 
12.38 
0.68 
1.35 
1.53 

-30 -- 
24.7 

C D E 
Super ior  Occidental -- 

Tosco Tosco I n - S i t u  

20.7 
105.5 
+80 

84.06 
11.27 
0.77 
2.06 
1.58 
8.0 
0.05 

5.08 
52.2 
84.11 
12.87 

1.04 
0.41 
0.95 

26.0 
54.0 
20.0 

1.5 

4.58 
43.6 
84.36 
12.80 

0.91 
0.82 
1.24 

25.5 
48.0 
26.5 
<o. 2 

10.87 
34.3 
83.92 
12.30 

0.74 
1.25 
1.70 

- 35 
73.4 

1.8 

19.3 
92.7 

83.97 
10.72 
0.43 
1.96 
1.92 

0.06 

+50 

32.0 

6.30 
52.4 
84.87 
12.37 
0.59 
0.30 
0.69 

27.0 
57.0 
18.0 

3.4 

4.53 
42.8 
84.72 
12.71 
0.59 
0.79 
0.87 

23.5 
48.0 
28.5 

3.9 

13.64 
33.0 
84.58 
12.02 
0.39 
1.15 
1.38 

-55 
80.0 

9.8 

25.4 
42.6 

84.89 
11.82 
0.42 
1.62 
1.09 

0.26 

+80 

19.0 

3.58 
49.6 
85.84 
13.02 
0.69 
0.59 
0.49 -- 
-- 
-- 
1.6 

3.39 
43.0 
84.14 
12.67 
0.55 
1.09 
0.77 -- 
-- 
-- 
6.0 

20.49 
34.1 
84.94 
12.31 
0.36 
1.21 
0.85 

- 30 
93.2 
1.5 

6 



Sample 

Fractions: (cont 'd)  

375-680°F 
Yield, vol % 
Gravity, "API 
Viscosity, SUS: 100°F 
Carbon, w t  % 
Hydrogen, w t  % 
Sulfur, w t  % 
Nitrogen, w t  % 
Oxygen, w t  % 
Pour, O F  

Aniline Point,OF 
Arsenic, ppm 

Yield, vol % 
Gravity, "API 
Viscosity, SUS: 210°F 
Carbon, w t  % 
Hydrogen, w t  % 
Sulfur,  w t  % 
Nitrogen, w t  % 
Oxygen, w t  % 
Pour, "F 
Aniline Point,"F 
Carbon Res, w t  % 
Arsenic, ppm 
N i  + V ,  ppm 

680-960°F 

Carbon, k t  % 
Hydrogen, w t  % 
Sulfur, w t  % 
Nitrogen, w t  % 
Oxygen, w t  % 
Carbon Res, w t  % 
C5 Insolubles, w t  % 
Ash, w t  % 
Arsenic, ppm 
Ni, ppm 
v ,  PPm 

TABLE I (continued) 

A 

30.85 
29.3 
40.1 
84.56 
11.96 
0.63 
1.47 
1.26 

+15 
87.1 
8.0 

32.57 
16.3 
66.4 
85.01 
10.93 
0.60 
2.09 
0.94 

+loo 
26.0 
0.91 -- 

<o. 1 

26.84 
5.9 

59 
85.14 
10.61 
0.64 
2.84 
1.34 

20.3 
18.1 
0.64 -- 

15 
1.6 

B 

28.92 
28.4 
42.6 
83.90 
11.98 
0.69 
1.60 
1.27 

+20 _-  
23.0 

37.81 
18.6 
57.0 
85.11 
11.25 
0.53 
1.91 
0.83 

+loo -- 
0.28 

12.8 
<o. 1 

30.97 
11.8 

84.61 
10.64 
0.53 
2.60 
0.95 

266 

12.9 -- 
0.05 

26.0 
9.2 
0.5 

7 

C 

27.37 
29.7 
40.2 
84.09 
12.01 
0.70 
1.62 
1.72 

+30 
86.0 

3.8 

31.93 
18.6 
56.0 

11.53 
0.65 
2.08 
1.18 

86.11 

+loo 
111.9 

0.41 
15.5 
0.1 

31.04 

D 

33.07 
27.0 
42.1 
86.00 
11.83 
0.44 
1.56 
1.60 

+5 
82.4 
20.4 

31.73 
15.3 
91.0 
85.16 
10.96 
0.36 
2.00 
1.20 

+85 
118.4 

29 
<o. 1 

0.44 

24.37 
9.2 5.3 

503 3.212 
84.81 85.20 
10.37 9.74 
0.80 0.39 
2.78 2.95 
1.31 1.20 

15.8 24.4 
15.4 20.7 
0.13 0.21 
7.0 59.0 

20.8 32.0 
1.8 0.5 

E 

51.33 
29.5 
39.3 

12.03 
0.37 
1.47 
0.75 

85.29 

+20 
102.2 

5.7 

33.79 
20.8 
50.7 
87.02 
11 -84 
0.24 
1.75 
0.68 

+lo5 
135.5 

14 
<0.1 

0.40 

7.91 
6 .8  

84.85 
10.24 
0.58 
2.26 
2.05 

2,216 

18.4 
18.0 

67.0 
45.6 
22.8 

2.28 
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Hydrotreatment 

Avg. Ca ta l ys t  Temp., O F  

Space Veloc i ty ,  v o l / h r / v o l  
Yields,  W t  % o f  Feed: 

W C F B )  
N$ 
H-8 
CL-C 
T h t a l  L i a u i d  Product 

Inspect ions:  
Ni t rogen, w t  % 
Grav i ty ,  " A P I  
Hydrogen, w t  % 
Su l fu r ,  w t  % 
Oxygen, ppm 
Viscos i ty ,  SUS: 

Pour Point ,  "F 
A n i l i n e  Point ,  OF 
Carbon Res., Rams.: w t  % 
Calc. Comp., 

Vol Fract ion:  

210°F 

Aromatics (Ca) 
Naphthenes (Cn) 
Para f f i ns (  Cp) 

Nickel ,  ppm 
Vanadium, ppm 
D i s t i l l a t i o n ,  Vac., 

O F  a t :  
10% 
30 
50 
70 
90 

TABLE- 111 

GAS OIL HYDROTREATING 

F i r s t  
Stage Second Stage 

680 /96OoF 
Gas O i l  F i r s t  Stage Product 

<--------_---- 

Gas O i l  
2.41 

13.9 
10.85 
0.49 
0.80 

113.4 
t105 

101 
1.34 

<o. 1 
<0.1 

805 
869 
905 
939 
989 

4,000 
725 

1 .o 

(1.200) 
0.49 
2.19 
0.90 
4.08 

94.21 

0.61 
27.4 
12.56 
<0.05 

< loo  
41.4 

+95 
174.6 

0.12 

0.205 
0.212 
0.583 

<0.1 
<o. 1 

61 1 
730 
784 
839 
91 7 

9 

( 450 
0.04 
0.55 

0.42 
99.75 

0.28 
29.7 
13.00 
<0.05 

< l o o  
37.7 

+60 
181.9 

0.07 

0.170 
0.218 
0.612 

<o. 1 
<o. 1 

51 7 
688 
779 
843 
893 

755 

(630) 

0.75 

0.04 
0.77 

1.56 
98.70 

0.10 
31.2 
13.13 
~ 0 . 0 5  

< l o o  

35.8 
+85 
186.1 

0.05 

0.147 
0.220 
0.633 

<0.1 
50.1 

484 
661 
763 
027 
870 

PGO 
0.063 

26.9 
12.71 
0.47 

41.7 
+90 
190.0 

0.26 

0.160 
0.231 
0.610 
0.2 
0.9 

622 
695 
770 
851 
953 
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Operating Condi t ions 
Reactor Press. , p s i  g 
Gas C i r c u l a t i o n ,  SCFB 
Space Ve loc i ty ,  v o l / h r / v o l  
H J H C .  mol /mol 
A6g. Cata lys t  Temp., O F  

H,(SCFB) 
Yields, w t  % o f  Feed 

;IS 
H d  C t  
C '  c23 
L4 C + Product (vo l  %) 

Grav i ty ,  'AP I  
Nitrogen, ppm 
Su l fu r ,  ppm 
Oxygen, ppm 
Hydrogen, w t  % 
Bromine Number 
Hydrocarbon Analys is ,  

D1319, vo l  % 
Saturates 
01 e f i  ns 
Aromatics 

D2789, vo l  % 
P a r a f f i n s  
Monocycl o p a r a f f i  ns 
D i  c y c l  o p a r a f f i  ns 
A1 k y l  benzenes 

InsBections 

Benzene 
Toluene 

$+ 
Ind ines & T e t r a l i n s  
Naphtha1 enes 

Octane Numbers: 
Research, C 1  ear  
Motor, Clearo 

D i s t i l l a t i o n ,  F a t :  
10% 
30 
50 
70 
90 

TABLE V I 1  

NAPHTHA PRETREATING AND REFORMING 

P r e t r e a t i n q  
1,400 
8,000 

Feed 
47.8 

5,700 
7,900 
5 1400 

13.28 
66 

38.0 
43.5 
18.5 

279 
300 
316 
334 
354 

1 .o 
680 - 

(-808) 
0.84 
0.69 
0.61 
0.20 
0.02 
0.08 
0.14 

103.0 

54.7 
<0.2 
<0.5 

14.77 
< l o o  

58.8 
30.6 

3.9 
6.1 
0.1 
0.6 
1.7 
3.7 
0.4 
0.2 

29.0 

262 
284 
304 
325 
349 

1 3  

366 - 
2.0 - 
- 
- 
1.2 
2.0 
3.8 
5.3 

81.9 

46.4 - 
- 
- 
- 

- 
- 
- 

44.0 
3.2 
0.1 

50.7 
0.9 
6.4 

13.0 
27.8 

1.6 
0.5 

92.9 
82.9 

181 

286 

358 

880 - 
2.2 

1.4 
2.4 
4.6 
6.2 

78.8 

44.7 

38.7 
2.7 
0.1 

56.7 
1.3 
7.9 

15.5 
32.0 

1.3 
0.5 

96.7 
86.0 

178 

282 

358 



TABLE VI11 

UPGRADING FBR RAW SHALE OIL 

Operat ing Condit ions 
Reactor Press.. Ds iq  
Gas Ci rcu lat ion, 'SCtB 
Avg. Cata lys t  Temp, "F 
Space Ve loc i ty ,  vo l /h r / vo l  

Y ie lds ,  % o f  HDS Charge 
H S, w t  % 
N6 , w t  % 
H,d, w t  % 

2,100 
5,000 

750 
0.5 

0.72 
2105 
1.45 

c'-c , w t  % 2.09 
C1+ fyncrude, vo l  % 102.6 
dem.  H Consumption, SCFB 1,260 

Syncrude: 
Inspec t i  o i s  Feed 

Grav i t y  "API 20.7 

Su l fu r ,  w t  % 0.70 
Oxygen, w t  % 1.32 
Hydrogen, w t o % '  11.14 
Pour Po in t ,  F +75 

Nitrogen, w t  % 1.99 

Frac t ions :  
Naphtha (C,-375OF) 

Yield:  do l  % Syncrude 
Grav i ty ,  OAPI 
Ni t rogen, ppm 
S U l f U r .  DDm 

Furnace O i i '  (375O-68OoF) 
Yield:  vg l  % Syncrude 
Grav i ty ,  API 
Ni t rogen, w t  % 
Su l fu r ,  w t  % 
A n i l i n e  Poin:, OF 
Pour Point ,  F 

Gas O i l  (68O"-96O0F) 
Yield:  vo l  % Syncrude 
Grav i ty ,  "API 
Ni t rogen, w t  % 
Su l fu r ,  w t  %o 

A n i l i n e  P t ,  F 
Pour Point ,  "F 

Residuum (960"F+) 
Yield:  vg l  % Syncrude 
Grav i ty ,  API 
Ni t rogen, w t  % 
Su l fu r ,  w t  % 
N i  Equiv. ,ppm 

14 

16.7 
53.7 
<0.5 
~ 0 . 5  

43.7 
36.0 
0.23 

<O. 05 
149 
+10 

24.3 
27.2 
0.43 

<O. 05 
189 
+95 

15.3 
22.4 
0.68 

<O. 05 
<1 .o 

Syncrude 

31.5 
0.32 

<0.05 
0.03 

12.84 
+70 



Figure 1. 

CONVENTIONAL UPGRADING ROUTE 

, DIESEL 
FURNACE 

OIL 

Figure 2. 

ALTERNATE UPGRADING ROUTE 

ATM. NAPHTHA GASOLINE REFORM. HYDRO- 
TREAT. FRAC. - . 

, GASOLINE 
375OF + - FCC 

SHALE OIL 
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Figure 3 
NAPHTHA HYDROTREATING 

TEMPERATURE REQUIREMENTS FOR 0.5ppm N 
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Figure 4 
NAPHTHA REFORMING 

C5+ YIELD VS OCTANE SEVERITY 
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Figure 5 
NAPHTHA REFORMING 

Hq PRODUCTION VS OCTANE SEVERITY 
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Figure 6 
NAPHTHA REFORMING 

AVG. CATALYST TEMP. VS OCTANE SEVERITY 
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